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© Method of determining activity of tested substance. 



© The present invention offers a method of mea- 
suring the activity of a tested substance which inhib- 
its or promotes the production of the blood coagula- 
tion factor XII in an active form. 

An activation reaction of a blood coagulation 
factor XII is initiated by adding a blood coagulation 
factor XII activator to the animal plasma in the pres- 
ence of the tested substance, then the reaction is 
stopped and the blood coagulation factor XII in an 
active form produced in the above reaction is quan- 
titatively determined. 

FXIIa plays a very important role in the initiation 
stage in the intrinsic blood clotting system, 
fibrinolysis system and plasma kallikrein-kinin sys- 



tem and, accordingly, also in the measuring method 
of the present invention, in which the activity of the 
tested substance having the inhibiting or promoting 
action on the production of FXIIa is very highly 
useful in screening the drugs related to blood clot- 
ting and fibrinolysis systems and those related to 
plasma kallikrein-kinin system such as, for example, 
blood pressure controlling agents, antiinflammatory 
agents, analgesics, antiallergic agents, etc. 
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Detailed Description of the invention: 

The present invention relates to a method of 
measuring the activity of a tested substance to the 
production of a blood coagulation factor XII in an 
active form and, more particularly, it relates to a 
method of measuring the activity of a substance 
which inhibits or promotes the production of the 
blood coagulation factor XII. 

The blood coagulation factor XII (hereinafter 
abbreviated as an FXII) which is called a Hageman 
factor is a factor which is activated for the first time 
in the chain reaction of intrinsic blood clotting. An 
activated blood coagulation factor XII (the blood 
coagulation factor XII in an active form; hereinafter 
abbreviated as an FXIIa) activates the blood coagu- 
lation factor XII, then a series of the reaction sys- 
tem of intrinsic blood clotting as shown in (1) of 
Fig. 3 proceeds and, finally, an insoluble fibrin is 
produced whereupon the intrinsic blood clotting 
reaction is accomplished. 

A series of the mechanisms for dissolving the 
fibrin clot is a fibrinolysis system and it has been 
knob that FXIIa participates in the initial phase of 
the fibrinolysis system. Thus, as shown in (2) of 
Fig. 3, plasmin which plays a main role in the 
fibrinolysis is present in plasma as an insoluble 
plasminogen but FXIIa is one of the activators 
which activate plasminogen. The reaction by which 
the fibrin clot is produced by coagulation of plas- 
min is the final stage of the fibrinolysis system. 

In addition, activation of FXII is an initial stage 
of the plasma kallikrein-kinin system. In the plasma 
kallikrein-kinin system, it is believed that a series of 
enzymatic reaction systems are involved as a re- 
sult of the activation of FXII by injury, invaded 
stimulation, etc. to the tissues in vivo . Thus, as 
shown in (3) of Fig. 3, the activated FXIIa acts on 
the plasma prekallikrein which is also present in the 
plasma, converts it to a plasma kallikrein which is 
an enzyme in an active form and then the plasma 
kallikrein acts on the high-molecular-weight 
kininogen (hereinafter abbreviated as an HK) to 
liberate bradykinin. 

Kinins such as bradykinin which are the pro- 
ducts in the kallikrein-kinin system exhibit various 
physiological activities such as decreasing the 
blood pressure due to dilation of peripheral blood 
vessels.promotion in permeability of blood vessels, 
contraction or relaxation of smooth muscle, induc- 
tion of pain , induction of inflammation, migration of 
leucocytes, libreration of catecholamine from the 
adrenal cortex, etc. and are also known as media- 
tors in acute inflammation including allergic reac- 
tions whereby their existence in vivo has a deep 
significance. 

As such, FXIIa is a very important factor in the 
initial stage of the intrinsic blood clotting system, 
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fibrinolysis system and plasma kallikrein-kinin 
sytem. Accordingly, the substances affecting the 
production of FXIIa are expected to be useful as 
drugs in the areas of blood clotting and fibrinolysis 
5 and, in addition, there is a possibility that they can 
be used as antiinflammatory, analgesic and antial- 
lergic drugs since bradykinin liberated in the plas- 
ma kallikrein-kinin system has various physiological 
activities as mentioned above. 
10 Accordingly, the establishment of a method 

wherein the action and activity of a substance 
which inhibits or promotes the production of FXIIa 
which is an initiation factor of the intrinsic blood 
clotting system, fibrinolysis system and plasma kal- 
75 likrein-kinin system can be measured in a simple, 
convenient, prompt and precise manner would be a 
very effective means for determining the action 
helpful in adjusting the bioregulations as mentioned 
above and also for developing such drugs. 
20 An object of the present invention is to offer an 

in vitro method of measuring the activity of a tested 
substance which inhibits or promotes the produc- 
tion of FXIIa participating in various physiological 
reaction systems in vivo in a simple, convenient, 
25 prompt and precise manner. 

Thus, the method of measuring the activity of a 
tested substance in accordance with the present 
invention is characterized in that an activation reac- 
tion of a blood coagulation factor XII is initiated by 
30 adding a blood coagulation factor XII activator to 
the animal plasma in the presence of the tested 
substance, then the reaction is stopped and the 
blood coagulation factor XII in an active form pro- 
duced in the above reaction is quantitatively deter- 
35 mined. 

With respect to the plamsa of animals which 
can be used in the measuring method of the 
present invention, the plasma of any animal will do 
so far as it has a blood clotting system and a 
40 plasma kallikrein-kinin system. For example, human 
plasma and plasma of cattle and experimental ani- 
mals such as cows, sheep, pigs, horses, goats, 
monkeys, dogs, cats, rabbits, guinea pigs, ham- 
sters, rats or mice bay be utilized. Preferaly, hu- 
45 man plasma is used. 

Such a plasma may be used in the form of a 
preparation manufactured by common methods. 
For example, a citric acid-added plasma prepared 
by collecting blood in the presence of citric acid 
so followed by centrifuging may be used. Alternative- 
ly, freeze-dried plasma which is manufactured by 
conventional methods may be used. The animal 
plasma prepared as such may be used as it is or 
may be diluted, if desired, to control the reaction 
55 rate. 

With reference to the FXII activator, any sub- 
stance may be used so far as it exhibits an activat- 
ing action for FXII such as, for example, glass, 
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kaolin, celite, collagen, homocystine, sodium urate, 
cell components of platelets and other cells, 
fibronectin, elaidic acid, quercetin, rutin, sulfated 
glycolipids, proteoglycan, mucopolysaccharides, 
sodium stearate, dextran sulfate, amylose sulfate, 
carrageenin and proteases which activate FXII by a 
restricted decomposition. They may be used either 
solely or jointly and the concentration of such FXII 
activators may be suitably selected. 

The mixing reaction of the animal plasma, FXII 
activator and tested substance is preferably carried 
out at 0 e C to 4 4 C so that the intrinsic inhibitor 
hardly acts and, in addition, the progress of the 
reaction can be easily controlled. The pH during 
the reaction may be suitably selected but, when 
human plasa is used, it is preferred to carry out the 
reaction at pH 7.0 to 9.0. Further, in order to set at 
on optimum reaction condition, salts such as so- 
dium chloride, metal ions such as zinc ion and 
other additives and auxiliary agents which are com- 
monly used in this art may be added to the reac- 
tion system. 

The reaction time may be suitably selected 
depending upon the amount of the animal plasma, 
the concentrations of the FXII activators and the 
tested substance and the pH of the reaction solu- 
tion, etc. When, however, production of the FXIIa is 
saturated, it is no longer possible to precisely 
evaluate the action of the tested substance. Ac- 
cordingly, it is preferred to set the time before the 
production of FXIIa is saturated, i.e. within a time 
where a clear positive relationship between the 
reaction time and the produced FXIIa (e.g., prefer- 
ably in terms of the evaluation, within a time where 
a substantially linearly proportional relationship ex- 
ists between them) is available. 

With respect to a method for stopping the 
above-mentioned reaction, it is preferred to use a 
substance (which stops the production of FXII in 
the reaction such as an inhibitor for activation of 
FXII such as polybren) and an inhibitor (which 
specifically inhibits the plasma kallikrein, preferably 
a plasma kallikrein inibibitor which does not sub- 
stantially affect FXIIa such as SBTI [soy bean try- 
psin inhibitor; a trypsin inhibitor prepared from soy 
bean]) whereby the produced FXIIa can be quan- 
titatively determined utilizing an enzymatic activity 
of FXIIa as a target using a substrate to FXIIa. The 
concentrations of those inhibitors may be suitably 
selected within such an extent that they do not 
substantially affect the FXIIa activity. 

In the plasma kallikrein-kinin system, a feed- 
back mechanism wherein the production of FXIIa is 
promoted by the produced plasma kallikrein has 
been known but the activity of a tested substance 
to the production of FXIIa by a pure FXIIa activa- 
tion reaction which does not proceed through said 
feedback mechanism may be determined by the 



present invention as well. In that case, (a) the 
plasma in which plasma prekallikrein is in a sub- 
stantially deficient state prepared by such a means 
that an inhibitor which is specific to the plasma 
5 kallikrein such as the above-mentioned SBTI is 
previously added to the reaction system prior to 
the activation of FXII or (b) the prekallikrein-defi- 
cient plasma per se or that which is made in a 
substantially prekallikrein-deficient state by such a 
10 means that the plasma prekallikrein is removed 
from or inactivated in the normal plasma is used as 
the animal plasma whereby the present invention 
can be carried out. 

The quantitative determination of the produced 
75 FXIIa can be carried out by conventional methods. 
For example, a method in which the measurement 
is conducted using a substrate to FXIIa utilizing an 
enzymatic activity of FXIIa may be used. A method 
using natural substrates such as plasma prekal- 
20 likrein, blood coagulation factor XI or plasmin; 
coloring synthetic substrates sucii as D-Pro-Phe- 
Arg-pNA and D-Leu-Gly-Arg-pNA; or fluorescent 
synthetic substrates such as Boc-Glu(OBz)-Gly- 
Arg-MCA or Boc-Gln-Gly-Arg-MCA is often and 
25 commonly used because of its easiness and sim- 
plicity. Besides the above-mentioned measuring 
methods using the substrates, immunological mea- 
suring methods such as radioimunoassay (RIA), 
enzyme immunoassay (EIA), etc.. a quantitative 
30 analytic method utilizing chromatography and the 
like may be used . 

(Examples) 

35 The present invention will be further illustrated 

by way of the following examples. 

To a solution comprising diluted human plas- 
ma, a certain amount of a substance to be tested 
(an analyte) and 25mM Tris hydrochloride buffer 

40 (pH: 8) containing 90 mM NaCI dextran sulfate was 
added to make its final concentration 2 microg- 
rams/liter. The mixture was incubated in ice water 
for 15 minutes and then polyburene and SBTI were 
added thereto to make their final concentrations 

45 200 micrograms/ml and 40 micrograms/ml, respec- 
tively. The reaction solution was incubated in a Tris 
hydrochloride buffer(pH: 8) together with 1 mM of 
D-Pro-Phe-Arg-pNA at 30* C for 30 minutes, the 
reaction was stopped by adding citric acid thereto, 

50 the mixture was centrifuged at 3,000 rpm for ten 
minutes and the absorbance (which corresponds to 
the produced amount of FXIIa) of the resulting 
supernatant liquid at 405 nm was measured. 

Fig. 1 shows the changes in the absorbances 

55 when the incubating time in the above reaction is 
changed. In Fig. 1 , the abscissa shows the incubat- 
ing time (minutes) at 0*C while the ordinate shows 
the absorbance at 405 nm. In Fig. 1, FXIIa is 
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produced in almost linear Increase with lapse of 
time until the incubating time becomes about 17 
minutes and, therefore, it is preferred that the in- 
cubating time is to be set between 0 to 17 minutes. 

Fig. 2 shows the result of the measurement of 5 
the inhibiting activity of four test drugs which are 
used as analgesic or antiallergic agents (in- 
domethacin, ketoprofen, aminopyrine and ketotifen) 
to the FXIIa production in accordance with the 
measurring method of the present invention. In Fig. w 
2, the abscissa shows the concentration (mM) of 
the drugs tested while the ordinate shows the in* 
hibiting rate (%) to the FXIIa production. 

FXIIa plays a very important role in the initi- 
ation stage of intrinsic blood clotting system, 15 
fibrinolysis system and plasma kallikrein-kinin sys- 
tem. Accordingly, the method of the present inven- 
tion in which the activity of a tested substance 
having an action of inhibiting or promoting the 
FXIIa production can be measured is very highly 20 
useful in screening the drugs related to blood clot- 
ting system and plasma kallikrein-kinin system 
such as blood pressure controlling agents, antin- 
flammatory agents, analgesics, antiallergic agents, 
etc, 25 

Further in accordance with the measuring 
method of the present invention, the feedback 
machanism of the plasma kallikrein for the FXIIa 
production is secured whereby it is possible to 
screen the drugs which solely relate to the activat- 30 
ing stage of FXII which is the initiation stage of the 
reaction in the intrinsic blood clotting system, 
fibrinolysis system, plasma kallikrein-kinin system, 
etc. Consequently, screening of the drugs based 
upon a clear and specific action mechanism is now 35 
possible and the present invention has a significant 
merit on the development of various new drugs. 

Brief Explanation of the Drawings: 

40 

Fig. 1 is a graph showing the changes in the 
absorbance in various incubation time in the mea- 
suring method of the present invention. 

Fig. 2 is a graph showing the result in the 
measurement of the inhibiting activity of some test- 45 
ed substances to the FXIIa production using the 
activity measuring method of the present invention. 

Fig. 3 is a scheme for illustrating the regulation 
mechanism in vivo wherein FXIIa is participated. 

50 

Claims 



plasma in the presence of the test sub- 
stance, 

ii) stopping the reaction, and 

iii) quantitatively determining the blood co- 
agulation factor XII in its active form, pro- 
duced in the above reaction. 

2. A method according to claim 1 in which the 
production of the blood coagulation factor XII 
in an active form is stopped before this pro- 
duction becomes saturated. 

3. A method according to claims 1 or 2 in which 
the blood coagulation factor XII in its active 
form is determined by using a substrate. 

4. A method according to claim 3 in which the 
substrate is a synthetic substrate. 

5. A method according to any one of claims 1 to 
4 in which the blood coagulation factor XII is 
prevented from being produced in its active 
form via the plasma kallikrein-kinin feedback 
mechanism by either: 

i) the addition of an inhibitor specific to 
plasma kallikrein prior to the activation of 
blood coagulation factor XII, or 

ii) the removal of or deactivation of the 
plasma prekallikrein in the normal plasma, 
or 

iii) using a prekallikrein-deficient plasma. 

6. A method according to claim 5 in which the 
inhibitor used in (i) is SBTI. 



1- A method of measuring the activity of a test 
substance, characterized by the following 
steps: 55 
i) initiating an activation reaction of blood 
coagulation factor XII by adding a blood 
coagulation factor XII activator to animal 
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(54) Method of determining activity of tested substance 

(57) The present invention offers a method of meas- 
uring the activity of a tested substance which inhibits or 
promotes the production of the blood coagulation factor 
XII in an active form. 

An activation reaction of a blood coagulation factor 
XII is initiated by adding a blood coagulation factor XII 
activator to the animal plasma in the presence of the 
tested substance, then the reaction is stopped and the 
blood coagulation factor XII in an active form produced 
in the above reaction is quantitatively determined. 

FXIIa plays a very important role in the initiation 
stage in the intrinsic blood clotting system, fibrinolysis 
system and plasma kallikrein-kinin system and, accord- 
ingly, also in the measuring method of the present 
invention, in which the activity of the tested substance 
having the inhibiting or promoting action on the produc- 
tion of FXIIa is very highly useful in screening the drugs 
related to blood clotting and fibrinolysis systems and 
those related to plasma kallikrein-kinin system such as, 
for example, blood pressure controlling agents, antiin- 
flammatory agents, analgesics, antiallergic agents, etc. 
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